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A UOMPARISON WITH THE BAROMBTRIC STANDARD 
OF COSTA RIUA. 

I n  a letter of August 13 Mr. H. Pittier states that he had 
lately sent one of his assistants to Limon, Costa Rica, with a 
new barometer that had been carefully compared with the 
standard of the Physico-Geographical Institute. The mean 
result of ten observations taken hourly during two days (July 
29 and 30) showed that the barometer at  Limon read too high 
by 6.54 mm., and that this error had existed for several months. 
The instrument is an old French model with a broad cistern 
and Fortin’s adjustment for transportation. The error was 
largely due to the fact that before being transferred from one 
room to another, several months ago, the cistern had been 
properly screwed up, but had not afterwards been completely 
screwed down. Even after the latter operation had been 
properly performed on July 29 by the assistant, there was 
still need of a correction of 0.6 mm. Consequently, the faulty 
barometer was brought back to Costma Rica and the other one 
left in its place; this latter was constructed by James Green, 
of New York, ancl left at  San Jose by William Gabb, but sub- 
sequently repaired by Negretti and Zambra; its readings may 
be relied on. 

The international comparison of the barometric standards 
of various European countries and the United States, executed 
by Prof. Frank Waldo in 1885, needs now to be renewed and 
estended to include all the American States. General mete- 
orological studies require that the pressure should be known 
to within 0.01 inch at  all important stations in the Northern 
and Southern Hemispheres.-C. -4. 

PHYSICS AND METEOROLOaY. 

A recent letter from a correspondent says: 
In  the coiiise of two or t,hree years teaching of physical geography, 

etta., many questions hare arisen. for sonie of which I have found no sat.is- 
factory or authoritat,ive answers. I do not know whether it is your GUS- 
toin to answer such questions either privately or through the columns of 
the REVIEW, but I t.ake the libert,y of subniitting the following queries: 
1. What effect, iP any, docs the increasing density of the earth’s atmos- 

phere. near the earth’s surface. have opiin the amount of insolation ab- 
sorbed by the atmosphere? I do not find t,his given in the nieteorologies 
as a ua.use for unequal heating oP different strata UP air. I have wondered 
i f  it  has any effect. 

2. Gaiiot’s Physics, page 412, says that ordinary unclried, but not 
especially moist. air was found in a cert,ain esperiiiieut to absorb 72 tinies 
niorc heat than dry air. Davis’s Meteorology says that  water vapcir is 
found by cxperinient, t.o be as poor RII absorber as dry air. Are not these 
statements contradictions and which is correct? To what experiments 
does Davis refer? 
3. Is there any clear explanation why increasing the temperature of 

a space increases the capacity of t,hat space for rapor? I P  I understand 
correctly, a space becomes saturated when thc vapor pressure becomes 
H U C ~  that  for every moleunle of wat.er forced into it fivni the evaporating 
sui-face one is forced out. When this equilibriuni is attained would it 
not seem that  raising tlie temperature of the vapor in the space would, 
by causing an increase in the vibration of the vapor molecules, cause a 
greater expansive force and thus prevent rather than allow more vapor 
to  pass in? Of course experiment. proves that more will pass in and can 
esist in the vapor state when the temperature is  raised, but is there any 
explanation for it? 
4. Can the article published in the REVIEW some time ago on the 

“Gulf Stream Myth“ be regarded as aut,horitative? Of course the influ- 
ence of thc stream has been overcst,iniat,ed, but does not this article 
underestimate its effect,? Dnvis seeins to  think the ocean currents are 
important enough to attrihuts t.o then1 the cause of the deflection of the 
isotherms. Is lie correct in this or has he underestimated the influence 
of the winds? 

* * L * L * * 
The following replies are published as being of general 

interest: 
1. In  reply to the first question, it may be stated that the 

amount of heat absorbed by n, layer of gas of given thickness 
is proportional to the thickness of the layer ancl its transpar- 
ency; the latter depends on density ancl dust or haze, there- 
fore a layer of air one foot thick absorbs more when near the 
earth’s surface than when high up in the atmosphere. But 

for dustless air this amount is BO small that it will not account 
for the unequal warmth of the different strata of air, since 
clean, dry air is exceedingly diathermanous. 

The following quotation from Prof. F. W. Very‘s article on 
the “Solar Constant ’’I will, perhaps, elucidate this subject: 

It Is commonly supposed that  the larger portion of the heat produced 
by the absorption of the solar rays remains in the lower layers of the 
atmosphere, because these are richest in the vapor of water and in dust. 
See, for example, M. Ci-ova’s Mesure de l’intensitb calorifique des radia- 
tions solaires et de leur absorption par I’atmosphhre terrestre, p. l, 
Paris, 1876. M. Radau. ActinomGtrie, p. 18, says: “In proportion as 
the rays penetrate into the atmosphere they encounter layem more and 
more denss, and the loss which they experience through unit path is 
pmpoi-tional: (1) to the actual intensity of the beam; ( 2 )  to the density 
of the layer which they traverse; (3) to a constant coemcient of absorp- 
tion * * * which varies with the nature of the rays.” On page 14 
Radau myls: “The absorption is  due in great part to the vapor of water 
distributed in the lower layers of the atmosphere.“ Although i t  is remg- 
nized (page 18) from the observations of Desains that  the ratio of long- 
wave solar radiations on a high inountain to  those at sea level must 
diminish when the air is very moist, nevertheless no objection is made 
to the use of formiilte in which the aqueous component of the absorption 
is assumed to  be proportional to  the density of the aqueous vapor. 

Selective reflection in- 
creases in the lower atmospheric layeis, but does not warm them. Low 
layeis of a moist atmosphere beconie hot because they absorb the rays 
of extreniely long wave-length emitted by the heated soil. The sun heats 
these layers indirectly by first heating the ground, but contributes little 
heat directly, since the rays absorbable by aqueous vapor have been nearly 
all sifted out of the sunbeam before this reaches the lower atmospheric 
layers. On the other hand, the higher atmosphere, which contains a 
smaller quantity of aqueous vapor, is the first to attack the incoming 
rays. It is  in the upper layers that the aqueous absorption of the solar 
infra-red rays takes place chiefly. end these are therefore the layers which 
are most warmed by tlie direct rays of the sun. I have noted elsewhere 
(Atmospheric Radiation, p. 123 ) that after rising above the comparatively 
thin layer of convectionally heated air, that  portion of the diurnal range 
of temperature due to the immediate c t l ~ ~ ~ r p t i o n  of the solar rays may be 
expected to increase up to nearly the limit of the aqueous atmosphere, 
and i t  is surmised that  this rariation may possilily approach a l&fold 
ratio of that which occurs at altitudes o f  one or two kilometers. 

The actual case is  much more complicated. 

2. In  reply to the second question esperts have differed 
widely in their statements as to the diathennancy of aqueous 
vapor. 

Eqerimmita of Leeher and Perntw-More recently a series of experi- 
ments on the absorption of radiant heat by gases and vapors has been pub- 
lished by Ernest Lecher and .Joseph Pernter,Y but these new investiga- 
tions, instead of settling the question in dispute between Tyndall and 
Magnus as to the coniparative absorptions of dry and nioist air, plare the 
whole inatter in a state of greater unr.ei.tninty. For whereas Tyndall 
found an esceptionally low absorption Por dry, and n high absorption for 
moist air, while Magnus fount1 the sanie absorption Por both, and that 
tolerably high. the results of the experiments of Lecher and Peruter 
show particularly no absorption for either, nr. in other woirls, both dry 
and moist air act as a vacuuni towaid radiant heat. 

It may be safely accepted that aqueous vapor energetically 
absorbs only special wave-lengths in the spectrum, but so does 
dry air absorb other waves. If these special waves happen to 
be contained in the beams of radiation on which laboratory 
experiments are being macle the results of measnrements of 
absorption will be quite different from measurements made on 
other beams that do not contain the special wave-lengths. I t  
is quite plausible that the differences between different experi- 
mentalists and between the statements in the different wyorks 
on physics are due to differences in the character of the radi- 
ations that have been experimented with. Professor Langley’s 
work for the last twenty years has been devoted to measure- 
ments which it is hoped will clear up these discrepancies. 

The quotation given above from Professor Very indicates a 
very considerable absorption of solar radiation by the aqueous 
vapor in the upper atmosphere. Professor Very ‘a conclusions 

1 Monthly Weather Review for August, 1901, Vol. SSIS,  p. 364. 
2 The Theory of Heat, Thonials Preston. London and New Tork, 1894, 

Preston, in his Theory of Heat,* says: 

pp. 485-486. 

Juli, 1880; Phil, Mag., January, 1881. 
a Lecher and Peimter. Sitzb. der k. Akad. der \Vis~enscliaft in Wein, 
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are based largely upon the study of the absorption bands of 
the solar spectrum, as measured by means of Professor Lang- 
ley's bolograph, and are undoubtedly entitled to great weight. 

There may be a question, however, as to the state in which 
moisture exists in the upper layers of the atmosphere. On 
account of the low temperature a t  great heights the amount of 
moisture that can exist in a state of vapor is very sniall, ancl 
it may be that moisture in the form of minute solid par- 
ticles also exists. The action of these latter woulcl be quite 
different from the absorption by water vapor. 

3. As to the third question, any satisfactory explanation of the 
fact that the capacity of space for vapor increases wit,h t,he 
temperature of the space, or what is the same thing, t,he tem- 
perature of the vapor, must depend upon our knowledge of 
the nature of heat and molecules. According to the commonly 
accepted mechanical theory of heat and the kinetic theory of 
gases, the heat contained within a mass of vapor is simply the 
sum total of the kinetic energy of t,he rapidly moving mole- 
cules of vapor. The molecules of a gas are supposed to be 
far apart, relative to their own size, but by moving rapidlg, 
by rebounding against each other and against the 1~011ail:try 
of the enclosure, they occupy or cloiiiinate a large volmne. To 
increase the temperature of this enclosure is to increase the 
velocity of these molecules ancl therefore the niimber of iiii- 
pacts and reflections that occur per second. 

By increasing the velocity ancl therefore the kinetic energy 
of the molecules, we also increase the momentiini with w1iic.h 
they strike each other and the 110unclar-j surface, that is to 
say, we increase the general expansive pressure of the vqwr. 
I f  no liquid is present and therefore if no evaporation throws 
more vapor into the space, then this increase of pressure cor- 
responds to that due to the orcliiinry coeficient of espmsion 
of the gas; but if we allow heat to break iip liqiiid molecules 
into gaseous ones, and evaporation to increase t,lie nunher of 
molecules in the gaseous space, until i t  is saturated a t  the new 
higher temperature, then the increase of pressure is the suin 
of two causes, namely, the increased momentum of the old 
molecules, and the acldecl momentum of the new ones. 

We have not used the term "vibration of rapor nidecules." 
because that implies soiiie regularity like an oscillation, hiit 
we speak only of the free morenieiits and impacts (Jf the niole- 
cules. The free movements are presumal$j- nlwa~-s in nearly 
straight lines, as the molecules pass from one iiiipnct to t.he 
nest, I n i t  the total path of 'a molecule is a broken liue. The 
kinetic theory of gases allows us to determine approsimately 
the average velocity of the iiiolecale and the length o f  the 
average, or mean free path between two successive impact,s in 
each kind of gas. 

I n  order that our correspondent aiid readers may have the 
choice of several methods of looking a t  this question, so RS to 
adapt their teaching to the needs of the various grades of stn- 
dents, we give the following extracts from rece'nt correspond- 
ence : 

Under date of April 4,1903. Prof. J. S. Anies, of Johns Hop- 
kins University, Baltimore, Md., writes as follows: 

My understanding of the reason why an increase in t.eniperat.ure ill- 
creases the evaporabion of a liquid has always been along t,hr lines t,liat 
the effect of teniperature on t,he liquid is such as to  so increase the ve1urit.y 
of the particles that more of tlieni are able to escape f i a n i  the siirf:tce, 
and that therefore the erapora1,iiin is inrretrsed. A t  the saiiie t.inie. 1 - d  

course, there is an increase in t.he velocity of tlie part.iclers (-if vapw. 
But the quest,ion as to  th'ese particles reuvhing t.he 1iiliiii-i surfni? is nii.iri? 
one of the niean free path than of anyt.hing else. and this is not. affected 
to any such estent as to  increase the rate o f  contlensatiun to as great mi 
extent as the evaporation. 

Under date of April 15, Prof. J. Willard Gibbs, of Yale 
University, mites, as follows: 

In regard to  your Lnrr~s€",ndi?iit'R qiiest,ion. we inust renieniher that 
the average velocity of niolecules in the liquid is  increased as iii uch as 

t.he arerage velocity in the mpor (when the temperature is  increased). 
The rcstraining power of t,he attractions in the liquid will evidently have 
leas eiTwt in these grrat,er vebcities. 

Dr. Edgar Buckinghani, now physicist in the Department of 
Agriculture, under date of May 10, 1902, writes, as follows: 

Henting a gas or vapor in an enclosed space of fixed volume increases 
its pressure. If we accept the hypothesis that niat.ter is made up of 
niulecules, or separate particles, we acwiint for this increase of pressure 
1:y saying that the energy. put into t.he vapor in the form o f  heat to raise 
it6 tempcrutnre. has gone, at least in part, to increasing the kinetic energy 
of translatiou of t,he molecules, sv that, when the v&piir is hotter its mole- 
crulen fly alJolIt* inore violent~ly, strike haivler and oftener on t,he walls of 
the mclosing WSSFI, ;tiid so exert a greater pressure. 
Now, siipl~cise t,hat IL part, of the enclosing wall consists of t.he surface 

of the liquid fmni which t.lw vapor has been sent off. If we raise the 
ttmlierature of tlie mpor without. raising that of the liquid. we can not 
hiire a stat.e ut' equilibriuni, and we citn not speak o f  a definite pressure 
i i f  the \mIJVL', cir of a clcfiiiite vapor density: we inust always keep the 
liqriirl a.nd the vapor at bhe saine t.eniperitturc and iniagine t.hem heated 
or cwiled siniultaneuusly. 

HupI)osif then. thut wt? hmt. a litluid in cnntact with it.s vapor, the two 
I ~ i n g  rnulosctl ill R J ~  enrelvpe of  invariable volume. According to the 
kinetic hypotlirsia. the vapor mulevules By about. more violmtly: they 
st.rikc tlie surface o f  the liyiiiil liarder and oftener: and we should natu- 
rally (aspect, niurc! <if t.lit1ni to got caught, anionp the molecules of the liquid, 
so t h t .  t.lw vapor density ~v-ould decrease, niid we should have, in effect, 
a contlei~ant.i~.m o f  vapor mcl a dtvreasc in t.he vapor densit,y. 

But we have been cmsirlering only the mpor without paying m y  at- 
t.ention t,n the liquiil, Z I J I ~  this upsets our former conclusion. It is true 
tlmt nior~.' iiitileuules or vapor may get caught in the liquid, and so he 
vciiidensed. or bocmie a IBart, of it. Bot.. on t,he other hand. the kinetic 
hyvpot.liesis nssiiiiies that the nivlecules of a liquid also are in a stat,e of 
nicition. a.lthi.iugh t.liey niin-e through shorter clist,ancas, and wTith less 
freetlt.mi than t.he inoleciiles in t.he vapor. Heat applied t.0 raising the 
t~+~.iiipcmtt.iirr of  t.lii1 liquid, increases the violence of motion of the rnole- 
ubs (Jf the liiluid toi.1. Huiic~. more partides are likely to arrive at the 
i i r f a ~ v  t i f  t.lii: liquid, froiii within it. with sufficient relocit,y to  tear them- 

sclres nwoy froin t.he ;tt.traction of their fellow inolcciiles alii1 fly am-ay 
frwly into the space filled with the vupor. 

Tliere are thus two opposing tendencies: one for the molecules of t,he 
liquid fiy off i1it.o t.he vitpor space. and tlie other for the Inolecules of 
the wpor to get entangled in t.hc liquid. A state of equilibrium is reached 
at nny given t,enipeiature, when the effect.s of these two tendencies just 
l ~ i t l a ~ i ~  I ~ L L C ~ I  cit.1it.r. (.In the kinetic hypothesis, if we raise t.he t.rnipera- 
t.irre (.if t l iv  liquid and its vapor, bot,h these tendencies are increased. 
Whkliever is incwased most will then predominate. But. there is no way 
o f  siv>ing a priori, why the one tendency should increase faster than the 
ot.ller. bevnusc we do not know enoiigli about the internal st.ructure of 
liqiiitls, or the wvny in which thv niotual attraction of t.hoir molecules is  
iiitiuenced Iiy teniperature. We may, to he sure, say that we know that 
tlw PI ilit.-siiin iif liqiiicls decreases as bht? temperature rises, because we 
k i i ~ ~ w  i.slierimi~ntliIIy, that thc surfare tension ( wliicli is an expression of 
t,liis w)lwsit.m') tloes decrease with rising t.eniporature. Hence, we may 
say t.liiit.. wit,li rising temperature, the violence of motion of t.he niole- 
V I I  Ies i n  1 loth liquid ant1 vapiw increases, I-iut the rest,raininy nttract.ions 
in the li(liiit1 tlecreasc. and there is  int thing on t.lie side of the vapor to 
dfsel, t,his. An11 si:). on the whole. we might espect just what actually 
happens. It is just 11s in niany ot,lier cases: if ne. know all about the 
h c h .  we (:an prcvlic,t, soniu of them fiwm the others; hit  we should not 
have 11wn t.lever enough trr liinlie our prediction, if we. had not known 
what. it was t.liitt. liiiil to be prrdict,etl. Practically, we hare here tu  cun- 
tent, ~-~ursclves with t.he nierc~ stutcnient, of the fact, namely. that the ef- 
fect, uf the t.end~rncy of t,he vapor nioleeules to  tear themselves free. by 
reason of their increased velocity at a higher temperat,ure, invariably 
r 1 l . i ~ ~  increase fn.ster t.lian the effect of the tendency of the vapor niole- 
cull-. to fly l ~ a ~ l t  and tjccome a part of the liquid: so that  we invariably 
tlo have an increase of the vapor density with a rise of t,empcrat,ure. 

The iinpiwt,ant thing is always the fact. Everyone who goes any dis- 
tance in physics conies to  realize that there is, in realit,y, no such thing 
u s  tin & *  eslilnnaticm '' of anything; that t.he object of physics is not to 
* *  esplaiii '' facts. but. 1.0 get them organized, formulated and coordinated 
1.1g as few siniple gemral statements or so-called laws as possible. The 
kiiwt.ic theory of  gases is a good example of explaining simple and famil- 
iar fa& I J ~  ~iieans of a difficult hypothesis: it  assumcs the existence of 
n11~11e~iiles which no one has ever seen and or which it is difficult, if not 
quite inipossil:4e. to  fi:rrni any clear conception reconcilable with all the 
facts. We b L  iAslila.iii '' the familiar facts of evaporation by referring thein 
Ijack to molecu1:rr nivt.ii.ins, wliich we know not.liing about from direct 
ol,servat.ion. 

Under date of May 87.1902, Prof. Ernest Merritt, of Cornell 
Universit,g, Ithaca. N. Y.. writes, as follows: 

To mnlte the pi.iint raisod by your correspondent perfrc?t.ly dvfinite, let 
u s  suppose that. certain quant.it,y of water is placed in a closed vessel, 

. 

. 
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the  space above the water conhining saturated vapor. The presence of 
air would. of course, not modify t.he conditions essentially. If t,he tem- 
perature of the whole mass is raised it is a matter of observation tlint. 
some of the water evaporates and the vapiir l ~ t ~ o ~ i i ~ s  iiiurt' ilcnsc, Si4  
the  pressure of the vapor is incwxseci, and therefon? the tcndniic~g id  
vapor molecules to go back into the liquid is grei~lw t.hm at. t.lit3 Ivw.cr 
temperature. From the sttbndpc.)int of the kiiiet,ic t.lieory I t.hin1i the rs- 
planation is  somewhat as follows: 

Owing t o  the rapid motion of the molerules SIJIII~? o f  t.hi3 ninri.' rn.piilly 
moving water molecules are wntinu;tlly escaping from t.lic at.t.rrrirtiim of 
their neigliborti and passing out into t.hc vapor, whilu sa i tnc  of tllc ~ R I I I W  
molecules are at the same t.ime continually ret.urniiig again t.o the liiluiil. 
When these two processes just balance one anot.hrr tlie nlpc~r is enid 
to be saturated. Now, if the temperature is raised tlie mot.ions o f  1.111: 
molecules beconie nicire rapid. This is t,riie, not Ini.ri*ly in t.lie vnpor. 
where their increased speed leads to  grent.er pressure. but ala) in the 
liquid, where the result is an inareased t,endewy for niolewles t.o c:acnl)e 
into t.he vapor. More molecules return to  t h  liquid each secmtl thaii 
before, but inore molecules also leave t.he liquid eticli second. A t  first 
glance i t  is impossible t.o t.ell which of t.lir?sn two q i p s i n g  tciidcncics 
will prevail: whet,her the water will evap0rnt.e or tlie vapor ennilpnse. 
A closer consideration shows. however, that the former 
I J ~  espeet,ed. I n  tlie liquid the rise of teniperat,ure pri idui 
it. increases the average speud of the ini~i1ei:iili~s anrl i t  diniiiiislii.s t.lit> 
averagi? at,trac:tivo forces between them. Just. why t.liis 1att.er etfrct 
should be produced wub:l only be * '  explained '' I.iy si:inie nmre eln1:iur:it.i. 
and detailed theory of molecular forces thaii now exists. But thore rim 
be little doubt o f  the f a t a t .  (Consider, for t.xaiiii)le, the effect o f  t.enqiem- 
ture on t.ensile streng6h.) In  t,he vapor the mole~:iileti itria MU far LLlJiLlt 
thnt their att,ract,ive forces liave very sinal1 influence upon t.lie niot,ion. 
The t.endmcy for molecules to  ret.urn to t.hv liquid froni thi! rapor thew- 
fore increases with rise in temperature less rapidly t.han t,he tendency i-d 
liquid molecules to escape. The result is that  the c1ensit.y rif l.he satu- 
rated vapor increases wit,h the t,mnperature. 

If preferred, the matter may I.ie put, in analytiml form. Whether any- 
thing is  gaiued by so doing in t.his case is largely a question of individual 
opinion. 

Suppose that  a vesspl contains water and water vapor in cquilil:iriutn, 
i. e.. tlie vapor is just saturated. The condition for eqnili1.1riuni is that  
110 change in the system which len.ves the pressure and t~eniperature iin- 
rtltered can cause an inerease in the tl~ernmdynamie pvtent,inl, +. 
and q2 are the therniodynaniic potcntinls for a grnni i)f water and a grain 
of steam, respectively, while MI and iU2 are t,he masses of watw and 
steam, the condition may be writtc'n: 

Now. Bfl + M2 = Af= n constant; the ehange represent.cd 11y 11 is m c  
which does not alter fpI and $I* (:since these ani fuiwt.ions of T ant1 p mly  j. 
Therefore 

I!+ = l!ll~u~l + q,AM2 = 0 1 "Nil !bl - I)* I. 
Suppose now that the tenipernture of both water and steani is raiseti t,u 
T+ dT. but that the quantity of liquid and the cpantity of vapor arc lwpt 
unciianged. Are tliey 
so d i l l  at the new temperature? If so, we shi.uld hare  c U ' =  0 where tho 
prime refers t3 thc new teniperature; anrl 

If 

rr+=rr  [y$, + M2 fp2] =o. 

A t  the temperature T tliey were iu cvluilil.iriiini. 

This reduces to 

There is. however. no reason to expect. that eqnili1.1riiini will at.il1 be 
maintained. It is rather to be espected that water will 1:)e eva.ptwated, or 
that steam will condense. Since 8' can not increme. thait one of these 
processes which niakes A+' negative is the one 1.liii.t will  cur. 
Now 

= UII + p r r ,  - 
And 

$* = IO, + p is2 - T#*. 
The suh6cript.s 1 and 2 refer t,o water and va.I)tw. rospwt.ivrly. while ~ p ,  F ,  

and I )  represent the int.ernal energy, the specilk vol~uiie, and t,he spa+':ifrc 
entropy, respectively. 

ilp 
1'= ( P 2 - I ' i )  T - -  - BT 

We have 

TIiv tlerivalive (:;,) refers k-I the tcmperature rate or change of 

lircssiirc f i w  a .fixed co,ioiinl of  vitpnr, whidi is allowed to  supersalu- 

rat.v: wit.huut t.lic bradicts, gives the teniperature rate of change 

of 1.lii- vapnr Iirtlrisuro o~.irri.slJ~,niliiig to sat,uration. Now, so far as the 
writer is aware, the 1)ressiirc of sntiirnt.erl vapor always increases wiDh 
t.lie t~~i~ipera t~ i i r i~  mor(? rapidly t.lian tho pressure of iinsaturated vapor at 

JI 

4) 1 

d 1' 

ap 
.u OT 

thp sanie ttmptmture. Tlieri~fore (g) - - is negative. It also 

4. In  reply to tlie fourth question we may say that the author 
of the '( Gnlf Streani Myth " may perhaps not be considered 
a technical authority in meteorology. but his article certainly 
seems to the Editor to be perfectly fair. We do not find m y  
important discordance betweeii him and Prof. William M. Davis 
(see page 68 of Davis's Elementary Meteorology). All agree 
that the ocean surface water gires more moisture and therefore 
more latent heat to the air than doee the same area of land at  
tlie same latitiide. but i t  gives less sensible heat or tempera- 
ture. All agree about the general surface drift of the North 
Atlantic under the influence of rsoutherly and westerly winds, 
and that the winds and currents coinbine to carry the isotherms 
northeastward toward Iceland and Spitzbergen; but the pres- 
ent question is as to the special infliience of the Gulf Stream 
proper in deflecting general isothernial lines, in comparison 
with the general influence of tlie oceanic surface drift and the 
winds. On this there can be but one opinion: viz, it is insig- 
nificant. The Gulf Stream off the coast of Florida may be 
allowed to have a velocity of 4 miles per clay and the cross 
section of the stream niay be 5 stpare miles. The surface drift 
of the oceanic regions west of Ireland niay average 1 mile per 
day across a line extending from southern Ireland north to 
Iceland, or 900 miles; the cross section of this drift has an 
area of perhaps 2 scpnre miles, the drift being toward north- 
east. A similar drift toward the southeast prevailed between 
Ireland and the Azores. A t  an .average rate of 2 miles per 
clay.. it would require fifteen hundred days for the surface waters 
of the Gulf Streniil proper to reach the eastern Atlantic coast 
ancl turn either northeastward or southeastward. I n  this long 
time its surface temperature woulcl be niodified by alternating 
northerly and southerly winds and would have affected the 
the temperature of all the air that has blown over this part of 
tlie ocean. The vapor evaporated from the great area of cool 
water is more important than that from the smaller area of 
~variii Gulf Steani water. The southwest winds that bring 
moisture, cloud, and rain, and warmth to Europe, get far more 
of all these from the general surface of tlie Atlantic than from 
the Gulf Stream proper. 

I n  the MONTHLY TYEATHER R.EVIEW for August, 1901, page 
37GI is an extract from an article entitled "Popular errors in 
i?ieteorology and geography," by Mr. Henry Gannett. A sec- 
tion is devoted to oliinate u l l  ocean ciirreiits, in wliich he re- 
nftiriiis tlie yiews of Mr. Harvey M. Watts a~ set forth in the 
b L  Gnlf Mrem Myth '' (MYIUNTIILT WEATHER REVIEW, Vol. SSVIII,  

The comparatively warin climates of the western shores of 
Europe ancl America are to be attributed to the prevailing 

page 393). 
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moist winds that blow upon them from the warmer portions of 
the Atlantic and Pacific Oceans, respectively, and not to any 
abnormal degree of heat that is conveyed to those coastR 
through the medium of the ocean currents. To be sure the 
warm winds and currents appear to accompany each other, 
but no doubt the currents are more dependent upon the winds 
for their strength than are the winds upon the currents for 
their temperature. 

METEOROLOQY AT THE BRITISH ASSOCIATIONl 
BELFAST, SEPTEMBERl lQ02. 

The following extract from the opening aclclress by Prof. 
Arthur Schuster, Chairman of the Subsection of Astronomy 
and Cosmical Physics, has so much that is of value to the mete- 
orological student that by special request we reprint it from 
a recent number of Nature: 

The question I wish to bring to your notice to-day is  an old one: if two 
events happen simultaneously or one follows the other at a short interval 
of time. does this give us any reason to suppose that  these two events 
are connected with each other, both being due t.o the same cause, or one 
being the cause of the other? Everyone admits that  the simple concur- 
rence of events proves not,hing. but if t.he sanie combination recurs suf- 
flciently often we iiiay reasonably conclude that  there is a real connection. 
The question to  be decided in each case is what is  sufflcient ” and what 
is  “reasonable.” Here we must draw a distinction between experiment 
and observation. We often think i t  sufflcient to  repeat an esperinient 
three or four tinies to establish a certain fact, but with meteoiwlogiaal 
observations the case is different. and it would, e. 9.. prove very little if 
on Pour siiccessive full nioons the rainfall had been exceptionally high or 
esceptionally low. The cause of the difference lies in the fact that in a n  
esperiment we can control to a great extent all the circunistances on 
which the result depends, and we are generally right in assuming that a n  
experiment which gives a certain result on three successive days will do 
so always. But even this sometimes depends on the fact that the appa- 
ratus is not disturbed, and that the housemaid has not come in to dust 
the room. Here lies the difference. What is possible in a laboratory, 
though perhaps difficult, is not possible in the upper regions of the at- 
mosphere, where some unseen hand has not made a clean sweep of some 
important condition. 

When we can not control accessory circumstances we must eliminate 
them by properly combining the observations and increasing their num- 
ber. The advantage does not lie altogether on tlie side of experiment, 
because the very identity of condition under which the esperiment is 
performed gives rise t o  systematic errors, which nature eliminates for 
11s in the observational sciences. I n  the latter also the great variety in 
t h e  conibinations which offer themselves allow us to apply the calculus 
of probability, so that  in any conchsion we draw we can form an idea of 
tlie chance that  we are  wrong. Astronomers are in the habit of  giving 
the value of the probable error * ’  in the publication of theirobservations. 
Meteorologists have not adopted this custom, and yet their science lends 
itsell more readily than any other to the evaluation of the deviations 
from the mean result, on which the deterniination of the probable error 
depends. We look forward to  the time when weather forecasts will be 
accompanied by a statement of the odds that  the prediction will be ful- 
fllled. 

The calculation of the probability that  any relationship we may trace 
in different phenomena indicates a real connection seems to  me to be vital 
to the true progress of meteorology, and although I have on previous 
occasions (Cambridge Phil. Trans., Vol. SVIII. p. 107) already drawn 
attent.ion to this matter I should like once more to  lay stress on it. 

The particular case I wish to discuss (though the methods are not re- 
stricted to this case) is  that i ~ i  wliich one of the two series of events be- 
tween which relationship is to be established has a definite period, and it 
is desired to  investigate the evidence of a n  equal period in the other 
series. 

Connections between ‘the moon and earthquakes, o r  between sun spots 
and rainfall if proved to exist, would form examples of such relation- 
ships. The question to  be decided in these cases would be, is there a 
lunar period of eaithquakes, or an 11-year sun-spot period of rainfall. 

Everyone familiar with Fourier‘s analysis knows that  there 1s a lunar 
or sun spot, or  any other period in any set of events from volcanic e r u p  
tions down to the birthrate of mice; what we want to find nut is whether 
the periodicity indicates a real connection or not. Let us put the pmb- 
leni into it.s simplest form Take R balk, and by sonie mechanisni allow 
them to drop so that eavh falls int,o one of nc compai-tnients. If finally 
t,liey are  equally distributed each mnipartnient would hold ii/nr balls. If 
this is not tlie case we niay wish tu find out whet,Iier the observed ine- 
quality is sufficient t o  indicate any preference for one conipartment or 
how far it is  mnipatible with equality of chance for each. If we were 
able to  repeat the esperinient as often as we like we should have no dif- 
flculty in deciding between the two cases, because in the long run the 

average number received by each compartment would indicate more and 
more closely the estent of bias which the dropping mechanism might 
possess. But we are supposed t.o be confined to a single trial, and draw 
our conclusions as far as we can from it. 

It would be easy to calculate the probability that the number of balls 
in any one compartment should exceed a given number, but in order to 
niake this investigation applicable to  tlie general problem of peridicities 
we must proceed in R different nianner. If the compartments are num- 
bered, i t  does not matter in which order, and a curve be drawn in the 
usual manner representing the connect,ion between the conipartinents 
and the number of balls in each, we niay, by Fourier’s analysis, express 
the result by means of periodic functivns. The amplitude of each period 

1 can be shown on the average to  be - dK It is often more convenient 
na 

to take the square of the amplitude-call it  the intensity-as a test, and 
we may then say that  the ‘. expectancy ’’ of the intensity is 1 ~ p .  The 
probability that  the intensity of any period should be k times its average 
or expectancy is e-b. We niay apply this re8ult to  test the reality of a 
number of coincidences in periods which have been suspect.ed. A lunar 
effect on earthquakes is in itself not improbable, a.s we may imagine the 
final catastrophe to be started by some tidal deformation of the earth’s 
crust. The occurrence of more than 7,IHNJ eart.liqiiakes in .Japan has been 
carefully tabulated by Mr. Knott accmding to lunar hours, who found the 
Fourier coefflcient. for t.he lunar day and its first t.hree subniultiples to 
be 10.3, 17.9, 10.9. 39.7: t,he expectancy on the hypot~liesis of chance dis- 
tribution for these coefficients I find to be 19.3, 15.7, 10.6, 5.02. The coiii- 
parison of t.heir nunibers dispi~wes the supposed mnneztion: on t,he other 
hand. the investigations of Mr. Davi.son on solar infliience have led to a 
result niuch in f a w u r  of such influence, the ainplitude found being in 
one series of ohsewations equal to five times, and in the other to fifteen 
times the espectancy. The probaLility that so large an amplitude is due 
to accident in tlie first case is one in 31Hl niillions. and ill t.he second the 
piwbalility of chance coincidence would be represcnt.ed liy a fraction, 
which would contain a number of over seventy flgures in the denoniina- 
tor. We niay therefore take it to  be eShb1iShed that the frequency of 
earthquakes depends on the t h e  of year. being greater in winter than 
in sumnier. With not quite the same amount of certainty, but still wit.h 
considerable probability. it  has also been shown that earthquake shocks 
show a preference fur the how% between 9 a. ni. and noon. 

A great advantage of the scientific t,reatnieni of periodical occurrences 
lies in the fact that we may determine a priori how inany events it is nec- 
essary to take into account in order t.0 prove an effect of given magni- 
tude. Let us  agree, for instance, t.hat we are satisfled with a probability 
of a niillion to  one as giving u s  reasonable security against a chance coin- 
cidence. Let t,here be a periodic effect of such a nature that  the ratio of 
the occurrence at the time of niaxiniuin to  that at tlie time of niininiuni 
shall on the average be as 1 + X  t,o 1-A, then t.he number of observations 
necessary to ec;hbliSh such an effect is  given by t,he equation ~=WIJ/P.  
If t.here are 2 per cent inore occurrences at the tinif? of maxininm than 
at the time of minimum 1.=0.01. and n is equal to two niillion. If the effect 
is 5 per cent, the number of events required to  establish it is 80,WJO. 

To illustrate these results further. I take as a second example a sug- 
gested connection between tlie occurrence of thiinderstorms and the 
relative ps i t ion  of sun and moon. Among the various statistical inves- 
bigations which have been made on this point, t1ia.t of Yr. NacDowall 
lends itself most easily to t.reatnient by the theory of probability. One 
hundred aud eighty-two thunderst,ornis observed at Greenwich during a 
period oP four te~n  years have been plotted by Mr. MacDowall as distritj- 
uted through the different phases of the moon. and seem to  show a strik- 
ing connection. I have calculated the principal Fourier coefficient from 
t.he d a h  supplied. and flnd that it indicates a lunar periodicity giving for 
the ratio of tlie number of thundemtorms near new moon to  that near 
full nioon the fract,ion 8.17 to  1.83. 

This apparent,ly indicates a very strong effect, but the inequality is 
only twice as great, as that wp should expect if thunderstorms were dis- 
tribut.ed quit,e at random over the month, and the probability of a true 
connection is only about 20 to I .  No decisive conclusions can be founded 
on this, the number of thunderstorms taken int.0 account being fa.r too 
small. We niight disniiss as equally inconclusive most of the other re- 
searches published on the subject were i t  not for a remarkable agreement 
among them, that a larger number of storms occur near new moon than 
near full moon. 

I have put together in the following table the results of all investiga- 
tions t.hat are known to me: following the esaniple of Koeppen, I have 
placed in parallel columns the number of t.liunderstornis which have oc- 
curred during the fortnight iiicluding new moon. and tlie first. quarter 
and the fortnight including the other two phases. 

It will be seen that out of fourteen comparisons, t,hirteen show higher 
numbers in the first colunin. there being also. escppt in two cascs, a gen- 
oral agrermmt as regards the magnitude of the effect.. Two of the s t a  
t,iims given in t.lie tahlc, (.X,ttingen and Got,ha, are perhaps geographically 
too near together to  be treated as indepenclt.nt stations, and we may 
therefore say that there are thirteen cases of agreement., against which 
t,here is  only one published investigation (Schiaparelli) in which the 
maximum effect is  near full moon. 


